The results of two 6-month long, randomized, double-blind, controlled trials (RCT) of the anticonvulsant pregabalin [5] and the balanced serotonin-norepinephrine re-uptake inhibitor (SNRI) duloxetine [13] are published in this issue of PAIN. While these studies were designed to generate safety and efficacy data for two new fibromyalgia (FM) medications they used very different trial designs to achieve these goals. In the duloxetine study effectiveness for FM symptoms was measured through improvement of primary and secondary endpoints, including pain. In contrast, the pregabalin trial used group membership (P30% pain reduction) after 6 months as a surrogate measure of effectiveness. In this editorial we propose that factors contributing to the placebo effect likely affected each trial differently. Medication side effects could easily have biased each trial through cues that signaled the presence of the active drug condition. In the duloxetine study, placebo effects may have been minimized by terminating patients with early adverse events/side effects or inflated by the remaining difference in side-effect profiles between the two groups. However, because of its unusual enrichment design, the pregabalin study may not only have compromised its allocation concealment but also inflated the difference between pain levels across placebo and active treatment groups by factors now known to generate placebo effects [12] .
Classical trial design used for the duloxetine trial
As presented in this issue of PAIN, the RCT of duloxetine represents an example of how currently most Phase III clinical trials are conducted. This study of FM patients evaluated multiple relevant endpoints, as required for FDA registration. Similar to a previous study [2] , duloxetine's effects on FM symptoms were independent of concurrent depression. The results of the current trial are consistent with previously reported benefits of other anti-depressants for FM symptoms, like amitriptyline [4] or milnacipran [14] .
The design of the duloxetine study closely followed the traditional model for RCTs which represents the current gold-standard for clinical drug testing. As in every trial, however, drug-specific effects and side effects can compromise allocation concealment and may alter expectations of the study participants resulting in treatment expectations that can positively or negatively impact relevant trial outcome measures. Thus Duloxetine's side effects could have influenced the outcome of the trial in either direction.
However, positive effects on trial outcome measures become much more likely, when enrichment designs are used to ascertain a medication's effectiveness, as described below. We suggest that such an unusual study design strongly favors the placebo effect, as in the case of the pregabalin trial, thus exaggerating the shortand long-term effectiveness of this drug.
Enrichment design used for the pregabalin study
Pregabalin has been approved by the FDA as effective therapy for painful diabetic neuropathy, postherpetic neuralgia and more recently for FM. Pregabalin's modulation of presynaptic voltage-gated calcium channels seems to be the major mechanism by which this drug reduces the well known central hyperexcitability and chronic pain associated with these chronic pain syndromes [1, 6, 7, 9, 11] . Additional long-term trial data of pregabalin for FM symptoms are presented in the current issue of PAIN [5] . Because of its unusual enrichment design, we think that this study provides longterm safety data of multiple pregabalin dosages in a large patient group, but it was unable to deliver convincing evidence for long-term efficacy of this drug in FM.
This study of pregabalin for FM symptoms used a well-known enrichment design wherein investigators selectively used drug responders (P50% improvement of FM symptoms and self improvement rating of better than ''minimally improved") from a two week open-label run-in phase in the subsequent double-blinded placebo-controlled trial. For this purpose FM patients had their daily dose of pregabalin titrated to the most effective and side effect free-level during the open-label part of the trial. This was followed by a 6 month blinded period during which about half the FM patients were maintained on their individual dose of the study drug while all others were switched to placebo on a random basis. The study endpoint was the number of participants retaining more than 30% reduction of their FM symptoms after 6 months.
Inherent problems with enrichment designs and their relationship to placebo effects
This enrichment design was meant to explore the long-term efficacy of pregabalin for FM symptoms in treatment responders using the surrogate endpoint of group membership. At first glance this approach appears advantageous because it seems to reflect precisely what a skilled physician would do in clinical practice, i.e. titrate patients to the most effective dose and if successful, subsequently maintain only treatment responders on the drug.
While this approach may be efficacious clinically, we would like to provide several reasons why such enrichment designs may fail to do what they are intended to do (see also [8] ). Our overall point is that the prior exposure to an experimental treatment in an open-label (OL) qualification phase may invalidate drug-placebo comparisons made during a later randomized, doubleblinded (DB) phase. The lower treatment effects in the placebo control group may be inflated by adverse effects related to drug withdrawal, chance (i.e., some ''responders" coincidently have reduced symptoms at the time of testing), and most critically, the breaking of the blinded condition. In enrichment designs, the same patients are exposed to several drug and non-drug conditions, thereby enhancing the probability of detecting the drug condition wherein side effects are more prevalent as well as the placebo condition wherein a decline in side effects and increase in drug withdrawal effects could occur. These multiple factors can contribute to mistaken estimates of the difference between drug and placebo conditions. Importantly, no single side effect or withdrawal symptom may account for this problem by itself. All that is required is that the overall profile of symptoms and side-effect changes provides sufficient cues for patients to notice that they are still receiving or no longer receiving the study medication.
How then did the investigators deal with this important issue? They only designated side effects as adverse events (AE) during the 6-month DB if they were new and not reported during the OL phase or events that worsened during the DB. No mention was made of individuals whose side effects diminished during the DB. Because at least one third of pregabalin-treated patients had drug-specific AEs, like dizziness, somnolence, and headaches during the OL phase, persistence or disappearance of these AEs during the DB phase may have effectively removed blinding of patients as well as investigators.
These problems interact with problems long known to be inherent in placebo conditions. Many of the conditions necessary to achieve adequate control for the placebo effect are not satisfied in studies of pain treatments wherein the active treatment can be subjectively distinguished from the control treatment. Examples of this problem abound in the literature on complementary alternative medicine and in pharmacological studies of analgesic agents that have perceptible side effects. What is needed are alternative ways of assessing and controlling for placebo effects and these potential alternatives may be integrally related to an increased understanding of mechanisms of placebo analgesia. For example, studies have identified factors that contribute to placebo analgesia, including expected benefits, beliefs about the agent that is administered, and level of desire for pain reduction (for review see [12] ). These factors have been shown to account for a large amount of variance in post-treatment pain ratings and in placebo responses. It has been proposed that measuring these factors could be an alternative method of assessing the contribution of placebo factors that occurs within the active treatment condition as well as within the placebo condition [12] .
The interpretation of group separation in the pregabalin study is quite difficult if not impossible. The most important question is whether these results really mean that pregabalin remained effective for FM symptoms in more than 50% of the treatment responders over more than half a year. Unfortunately, this trial was unable to answer this question mostly because of the problems that we have already described. Placebo effects that are embedded within an active treatment could have been assessed by measuring the contributions of placebo-related factors to symptom improvement. This approach could have helped to determine the long-term efficacy of pregabalin in FM.
Two recent acupuncture studies for different painful conditions, such as migraine, tension-type headache, chronic low back pain, and osteoarthritis, measured the contribution of placebo factors on study outcomes [3, 10] . Both studies found that ratings of expected benefits but not group assignment predicted therapeutic outcome. They represent examples of how explicit measurements of placebo factors within clinical trials can be used to determine how much of the therapeutic effect can be attributed to placebo. These factors include ratings of expected improvement and answers to the following question: ''Which treatment group do you think you belong to?"
Conclusions
Some of the ambiguities related to effects of treatment studies, like those discussed in this editorial, can be removed by measuring factors that induce the placebo effect and by verifying allocation concealment. These measurements could take place at multiple time points during the trial in order to monitor placebo contributions over time and the maintenance of the blind [10, 12] . This will result in better estimates of ''true" treatment effects which will not only be of great relevance for patients and health-care providers but also for regulatory agencies.
